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mined based on the channel gains. Other embodiments are 
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1. 

APPARATUS AND METHOD FOR 
INTERFERENCE CANCELLATION IN 

COMMUNICATION SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of and claims priority to 
U.S. patent application Ser. No. 13/770,739 filed Feb. 19, 
2013. All sections of the aforementioned application are 
incorporated herein by reference in its entirety. 

FIELD OF THE DISCLOSURE 

The Subject disclosure relates to an apparatus and method 
for interference cancellation in communication systems. 

BACKGROUND 

Wireless communications often experience interference 
from various sources, where the interference may be self 
interference, remote interference or a combination of the two. 
The interference can degrade the quality of service and can be 
exacerbated in areas where there is a high volume of wireless 
communications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will now be made to the accompanying draw 
ings, which are not necessarily drawn to scale, and wherein: 

FIG. 1 depicts an illustrative embodiment of a communi 
cation system that provides communications services which 
include interference cancellation; 

FIG.2 depicts an illustrative embodiment of a method used 
in portions of the system described in FIG. 1; 

FIG. 3 depicts an illustrative embodiment of a communi 
cation device operable in the system of FIG. 1; and 

FIG. 4 is a diagrammatic representation of a machine in the 
form of a computer system within which a set of instructions, 
when executed, may cause the machine to performany one or 
more of the methods described herein. 

DETAILED DESCRIPTION 

The Subject disclosure describes, among other things, illus 
trative embodiments in which analog and/or digital cancella 
tion are selectively applied at a receiving device based on a 
number of factors, which can include a dynamic range of an 
analog-to-digital converter (ADC) of the receiving device. 
The cancellation can be for self-cancellation and/or for 
remote cancellation. In one embodiment, the cancellation can 
be performed in the time domain. 

In one or more embodiments, cancellation can be per 
formed by a receiving device via estimating a channel gain 
from each interferer to the receiver in the time domain, and 
convolving with the transmitted data in time domain to cancel 
the interference at the receiver. In one embodiment, this time 
domain approach can remove the interference from both the 
data part as well as the cyclic prefix part in an orthogonal 
frequency division multiplexing (OFDM) symbol which fre 
quency based cancellation signal will fail to do. 

Other embodiments are included in the subject disclosure. 
One embodiment of the subject disclosure is a method 

including receiving, by a system including a processor, a 
group of signals from a group of transmitters, where each of 
the group of signals includes training symbols according to an 
orthogonal frequency-division multiplexing protocol. The 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
method includes determining, by the system, a channel gain 
for each of the group of signals, and determining, by the 
system, a total interference based on the channel gain. The 
method includes determining, by the system, whether the 
total interference satisfies a threshold range of an analog-to 
digital converter of the system, and performing, by the sys 
tem, digital time domain cancellation without performing 
analog time domain cancellation responsive to a determina 
tion that the total interference satisfies the threshold range. 
The method includes performing, by the system, the analog 
time domain cancellation and the digital time domain cancel 
lation responsive to a determination that the total interference 
does not satisfy the threshold range. 
One embodiment of the subject disclosure is a device 

including a memory to store computer instructions, an ana 
log-to-digital converter, and a processor coupled with the 
memory and the analog-to-digital converter. The processor, 
responsive to executing the computer instructions, performs 
operations including determining channel gains for a group of 
transmitters based on training symbols associated with the 
group of transmitters. The processor selectively performs 
analog time domain cancellation and digital time domain 
cancellation responsive to a determination that a total inter 
ference does not satisfy a threshold range of the analog-to 
digital converter, wherein the total interference is determined 
based on the channel gains. 
One embodiment of the subject disclosure is a computer 

readable storage device comprising computer instructions, 
which, responsive to being executed by a processor, cause the 
processor to perform operations comprising determining 
channel gains for a group of transmitters based on transmitted 
training symbols. The operations can include performingana 
log time domain cancellation and digital time domain cancel 
lation responsive to a determination that a total interference 
does not satisfy a threshold range of the analog-to-digital 
converter, wherein the total interference is determined based 
on the channel gains. 

Referring to FIG. 1, a communication system 100 is illus 
trated that includes various nodes of communication, Such as 
node 110 and nodes 160. The nodes can represent various 
devices and/or combinations of devices. Such as wireless end 
user devices, cellular/WiFi access point devices, base sta 
tions, femtocells, antennas, receivers, transmitters, and so 
forth. Node 110 can include various components such as one 
or more transmitters 115 and one or more receivers 120. Node 
110 can transmit signals 125 and/or can receive signals 175, 
such as transmitted from one or more nodes 160. 

System 100 is representative of various configurations of 
devices. For example, in one embodiment, system 100 can 
include a full duplex node configuration or use case where a 
node (e.g., node 110) transmits and receives at the same time 
in the same frequency. In this configuration, a self-signal can 
be cancelled at the receiver 120. Channel estimate can be 
formed from the transmitter to the receiver. In one embodi 
ment, a channel estimate can then be found in a time domain 
h(n). The cancellation signal thus formed would be h(n) con 
volved with a test signal, as will be described later. 

In another exemplary configuration, system 100 can rep 
resent a distributed full duplex multiple-input and multiple 
output (MIMO) configuration or use case where each node is 
comprised of multiple antenna locations which are centrally 
backhauled. Since these locations can also be potential 
receive locations for full-duplex, the cancellation from self 
and remote locations can be performed to obtain a full-duplex 
distributed MIMO framework. In one embodiment, all chan 
nel estimates for the transmissions that are to be cancelled at 
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a node are formed and the h(n) convolution with test signals 
for all the transmissions is the canceller signal at each node as 
will be described later. 

In another exemplary configuration, system 100 can rep 
resent a remote jammer configuration or use case. In this 
configuration, ajammer can be used to jam the receive signals 
at the remote nodes. The jamming signal can be provided in 
digital to the authorized recipients. The recipient can then 
cancel this signal at their receiver. 

In another exemplary configuration, system 100 can rep 
resent a remote access point cancellation for full duplex con 
figuration or use case. In this configuration, access point(s) 
for cellular/WiFi are centrally managed. The signal from one 
access point can then be cancelled at another access point 
since the cancellation stream can be provided through the 
central backhaul. 

In another exemplary configuration, system 100 can rep 
resent a cognitive radio configuration or use case where a 
signal from a primary transmitter can be cancelled by a sec 
ondary transmitter with available data of the primary trans 
mitter. 

In another exemplary configuration, system 100 can rep 
resent a successive interference cancellation configuration or 
use case. In this configuration, a decoding approach at the 
receivers is utilized where multiple signals are decoded by 
peeling them off one by one. For the peeling off time domain 
based cancellation can be used to cancel the signal. This will 
also remove the residual interference of cyclic prefixes left by 
a frequency domain based cancellation. 

In one embodiment, system 100 provides for self and 
remote cancellation. For example, remote cancellation can be 
implemented to cancel at a node from itself and the remote 
nodes. However, cancellation of a signal generated from mul 
tiple nodes can also be implemented, such as where a digital 
baseband signal is available for all the nodes involved in the 
cancellation. As an example, system 100 can include a com 
bination of passive Suppression, analog and digital cancella 
tion. System 100 enables taking into account that signals 
received at the receiver after the analog cancellation from 
both the self-cancellation and the remote-cancellation can be 
at similar levels which implies that less analog cancellation 
may be needed for the remote node than is needed for self 
node due to more passive Suppression for the remote node. In 
Some embodiments no analog cancellation for the remote 
node may be implemented as a result. Passive Suppression is 
the reduced signal power received as a result of the path loss 
from the transmitter to the receiver antenna. Analog Cancel 
lation removes the self-interference before the received signal 
hits an analog-to-digital converter (ADC) at the receiver. This 
cancellation can be performed using multiple approaches, 
Such as estimation and cancellation using radio chains, balun 
based cancellation, and so forth. Various components and 
techniques can be employed including generating an out of 
phase signal to be combined with a signal delay for cancel 
lation, such as utilizing phase shifters, attenuators, balun (Rf 
coupler), combiner, and so forth. The exemplary embodi 
ments can also selectively employ digital time domain can 
cellation which is a cancellation technique that cancels the 
residual interference in the digital domain. 

In one embodiment, the use of analog cancellation for a 
self-signal can be employed using various forms of analog 
cancellation Such as estimation and cancellation, balun-based 
cancellation etc. Further, the remote node cancellation can 
involve digital cancellation and some analog cancellation (if 
needed). This is because after the passive Suppression from 
the remote node, the residual interference may almost be at 
par with the signal from the self-node after analog cancella 
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4 
tion. In another embodiment, two cancellations can be com 
bined into a single cancellation such as a MIMO-based can 
cellation to estimate the channel gains for all the signals to be 
cancelled, and use a single canceller for all the signals. 

In another embodiment, system 100 enables a time domain 
interference cancellation for OFDM communications. For 
example, cancellation may be employed in analog domain 
(RF, before ADC) and/or in digital domain (after ADC), as 
well as from itself and/or from another node(s). At the 
receiver in OFDM systems, estimation in frequency domain 
can be made and the signal is decoded with this estimation. 
However, if an estimate of the interference is found in the 
frequency domain, the cancellation in cyclic prefixes will not 
be precise and thus a time-domain based cancellation may be 
needed. Due to cyclic prefixes, frequency domain interfer 
ence filtering in OFDM communications may be less effec 
tive. In one embodiment, this can be addressed by sending 
training symbols that allow the receiver to estimate channel 
gain, which is used to calculate total interference, and which 
is used to select either digital time domain cancellation only, 
or a combination of digital and analog time domain cancel 
lation to be performed at the receiver. 

In one embodiment, cancellation can be performed for 
signals (e.g., signals 125 and/or 175) from multiple transmit 
antennas (interferers such as nodes 160) at a receive antenna 
of node 110. This can be thought of multiple transmit anten 
nas on the same or different devices. Each transmit antenna 
(e.g., of nodes 160) can send a training symbol (e.g., within 
signals 175) based on which the receiver node 110 estimates 
the time domain channel gain h,(n) for all the transmitters of 
nodes 160 indexed by i. If each transmitterisends signal x, (n) 
in time domain, the interference received or channel gain isX, 
h,(n)*x,(n). This signal can be cancelled by the receiver node 
110. This cancellation can be in analog and/or digital domain 
depending on the application. If the interference is much 
larger in power than the desired signals, analog cancellation 
may be preferable due to the dynamic range of the ADC of 
node 110. Some of the signals may be cancelled in the analog 
domain (before the ADC) while others cancelled in the digital 
domain. 
The cancellation performed at node 110 enables or other 

wise facilitates various communication services, including 
Voice, video and/or data services such as to wireless devices 
including end user mobile devices represented by node 110 
and/or 160. System 100 can enable communication services 
over a number of different networks, such as between an end 
user device and another communication device. The end user 
device can be a number of different types of devices that are 
capable of Voice, video and/or data communications, includ 
ing a mobile device (e.g., a Smartphone), a personal computer, 
a set top box, and so forth. System 100 can be implemented 
via various networks and protocols including one or more of 
Universal Terrestrial Radio Access Network (UTRAN), Glo 
bal System for Mobile communications (GSM) Enhanced 
Data rates for GSM Evolution (EDGE) Radio Access Net 
work (GERAN), and E-UTRAN. The system 100 can further 
include one or more of a Serving General packet radio service 
(GPRS) Support Node (SGSN), a Mobility Management 
Entity (MME) and Mobile Switching Center (MSC). 

In one or more embodiments, system 100 can provide for 
circuit Switching fallback for packet Switching so as to enable 
the provisioning of voice and other circuit Switching-domain 
services (e.g., circuit switching UDI video/LCS/USSD) by 
reuse of circuit Switching infrastructure, such as when an 
end-user device is served by the E-UTRAN. In one or more 
embodiments, a circuit-switching fallback enabled terminal 
(e.g., node 110) connected to the E-UTRAN may use the 
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GERAN or UTRAN to connect to the circuit switching-do 
main. In one or more embodiments, the circuit Switching 
fallback and Internet protocol Multimedia Subsystem (IMS)- 
based services of system can co-exist in a single service 
operator's network. 

In one or more embodiments, the E-UTRAN can be the air 
interface for the Long Term Evolution (LTE) upgrade path for 
mobile networks according to a 3" Generation Partnership 
Project (3GPP) specification. The E-UTRAN can include 
enodeBs on the network that are connected to each other such 
as via an X2 interface, which are connectable to the packet 
switch core network via an S1 interface. For example, the 
E-UTRAN can use various communication techniques 
including OFDM, MIMO antenna technology depending on 
the capabilities of the terminal, and/or beam forming for 
downlink to Support more users, higher data rates and lower 
processing power required on each handset. 
The access devices described herein can operate according 

to various wireless access protocols such as GSM, CDMA, 
TDMA, UMTS, WiMax, SDR, LTE, and so on. Other present 
and next generation wireless network technologies can be 
used by one or more embodiments of the subject disclosure. 
Accordingly, multiple wireline and wireless communication 
technologies can be used by the communication devices (in 
cluding nodes 110 and/or 160). 

FIG. 2 illustrates a method 200 for providing communica 
tion services. Method 200 is described with respect to nodes 
110 and 160 of FIG. 1 but can be performed by various 
devices in various system configurations. Method 200 pro 
vides for cancellation at a receiver by selectively applying 
digital and analog cancellation. The selective application of 
the cancellation at the receiver can be based on various crite 
ria, including use cases (e.g., self-cancellation and remote 
cancellation) and types of nodes. 
Method 200 can begin at 202 in which the node 110 

receives training symbols from one or more transmitters, such 
as transmitters of nodes 160. The training symbols can be 
associated with OFDM communications. In one embodi 
ment, the training symbols are received as a broadcast pilot 
signal, although the present exemplary embodiments can pro 
vide training symbols in other ways, such as transmitting 
training symbols in response to a request, Such as where an 
error detection in the network has occurred. Training symbols 
can be received from a group of transmitters, such as nodes 
160 and can enable estimating channel gain at 204. The esti 
mation can be performed at the node 110. In one embodiment, 
the estimation can be an estimation by the node 100 of the 
time domain channel gain h,(n) for each transmitter signal 
based on the received training symbols. In another embodi 
ment, the estimation can be performed by the node 110 in the 
frequency domain. 

At 206, a total interferenceX, h,(n)*x,(n) can be determined 
by the node 110. In one embodiment, the total interference 
can be determined in the time domain where Xi(n) is the time 
domain signal. In another embodiment, the total interference 
can be determined in the frequency domain where X,(n) is the 
transmitter signal. At 208, a determination can be made as to 
whether the interference satisfies a desired threshold. For 
example, it can be determined whether the total combined 
interference is within a dynamic range of the ADC of the node 
110. If the interference is within the dynamic range of the 
ADC or otherwise satisfies a desired threshold then digital 
time domain cancellation (without any analog cancellation) 
can be performed by the node 110 at 210. If on the other hand, 
the interference is not within the dynamic range of the ADC or 
otherwise does not satisfy the desired threshold then method 
200 can proceed to 212 to determine whether analog cancel 
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6 
lation is to be performed by the node 110. At 212, if the node 
contributing to the need for cancellation is a remote node 
and/or if the receive power level of the transmitter is below a 
threshold (e.g., the dynamic range of the ADC) then method 
200 can proceed to 218 where an additional interference 
determination can be made, such as repeating step 206. Digi 
tal time domain cancellation can be performed by the node 
110 without performing the analog cancellation in this case. 

If on the other hand, the node contributing to the need for 
cancellation is not a remote node and/or the receive power 
level of the transmitter is not below the threshold (e.g., the 
dynamic range of the ADC) then method 200 can proceed to 
214 where the analog cancellation is performed. At 216, 
additional channel gain estimation can be performed by the 
node 110 (e.g., repeating steps 202, 204) and method 200 can 
then proceed to the performance of the digital time domain 
cancellation. 

In one or more embodiments, step 202 can enable identi 
fication of nodes transmitting signals so that a determination 
can be made as to whether to perform or skip analog cancel 
lation, such as based on an identification of the node type 
including identifying remote nodes and use cases. In another 
embodiment, provisioned information including node identi 
fication can be obtained or otherwise accessed by the node 
110 for the determination as to whether analog cancellation is 
warranted or desired. 

In one or more embodiments, separate sets of training 
symbols (e.g., for analog cancellation and for digital cancel 
lation) can be provided by each of the nodes 160. For instance, 
the node 110 could utilize a previously received training 
symbol from a remote node if an updated training symbol is 
not timely received. In one embodiment, training symbols for 
the analog cancellation can be transmitted by nodes 160 more 
frequently than training symbols for the digital cancellation. 

In one or more embodiment, the application of the digital 
and/or analog cancellation can be performed by node 110 at 
various times, such as at the same frequency with which the 
pilot signals are being received, every other pilot signal, peri 
odically, non-periodically, and so forth. In one or more 
embodiments, the analog cancellation can be a balun-based 
cancellation technique and/or the node 110 can perform can 
cellation utilizing radio chains. 

FIG. 3 depicts an illustrative embodiment of a communi 
cation device 300. Communication device 300 can serve in 
whole or in part as an illustrative embodiment of the devices 
depicted in FIG.1. Device 300 can enable selective applica 
tion of analog and/or digital cancellation for self-cancellation 
and/or remote cancellation. The application of the analog 
cancellation can be based on a number of factors including 
one or more of the total interference falling with the dynamic 
range of the ADC 350, the node being a remote node, and the 
receive power level being below a threshold. 
To enable these features, communication device 300 can 

comprise a wireline and/or wireless transceiver 302 (herein 
transceiver 302), a user interface (UI) 304, a power supply 
314, a location receiver 316, a motion sensor 318, an orien 
tation sensor 320, and a controller 306 for managing opera 
tions thereof. The transceiver 302 can support short-range or 
long-range wireless access technologies such as Bluetooth, 
ZigBee, WiFi, DECT, or cellular communication technolo 
gies, just to mention a few. Cellular technologies can include, 
for example, CDMA-1X, UMTS/HSDPA, GSM/GPRS, 
TDMA/EDGE, EV/DO, WiMAX, SDR, LTE, as well as 
other next generation wireless communication technologies 
as they arise. The transceiver 302 can also be adapted to 
Support circuit-switched wireline access technologies (such 
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as PSTN), packet-switched wireline access technologies 
(such as TCP/IP VoIP, etc.), and combinations thereof. 
The UI 304 can include a depressible or touch-sensitive 

keypad 308 with a navigation mechanism such as a roller ball, 
a joystick, a mouse, or a navigation disk for manipulating 
operations of the communication device 300. The keypad 308 
can be an integral part of a housing assembly of the commu 
nication device 300 or an independent device operably 
coupled thereto by a tethered wireline interface (such as a 
USB cable) or a wireless interface supporting for example 
Bluetooth. The keypad 308 can represent a numeric keypad 
commonly used by phones, and/or a QWERTY keypad with 
alphanumeric keys. The UI 304 can further include a display 
310 such as monochrome or color LCD (Liquid Crystal Dis 
play), OLED (Organic Light Emitting Diode) or other suit 
able display technology for conveying images to an end user 
of the communication device 300. In an embodiment where 
the display 310 is touch-sensitive, a portion or all of the 
keypad 308 can be presented by way of the display 310 with 
navigation features. 
The display 310 can use touch screen technology to also 

serve as a user interface for detecting user input. As a touch 
screen display, the communication device 300 can be adapted 
to presenta user interface with graphical user interface (GUI) 
elements that can be selected by a user with a touch of a finger. 
The touch screen display 310 can be equipped with capaci 
tive, resistive or other forms of sensing technology to detect 
how much surface area of a user's finger has been placed on 
a portion of the touch screen display. This sensing informa 
tion can be used to control the manipulation of the GUI 
elements or other functions of the user interface. The display 
310 can be an integral part of the housing assembly of the 
communication device 300 or an independent device com 
municatively coupled thereto by a tethered wireline interface 
(such as a cable) or a wireless interface. 
The UI 304 can also include an audio system 312 that 

utilizes audio technology for conveying low volume audio 
(such as audio heard in proximity of a human ear) and high 
Volume audio (Such as speakerphone for hands free opera 
tion). The audio system 312 can further include a microphone 
for receiving audible signals of an end user. The audio system 
312 can also be used for Voice recognition applications. The 
UI 304 can further include an image sensor 313 such as a 
charged coupled device (CCD) camera for capturing still or 
moving images. 
The power Supply 314 can utilize common power manage 

ment technologies such as replaceable and rechargeable bat 
teries, Supply regulation technologies, and/or charging sys 
tem technologies for Supplying energy to the components of 
the communication device 300 to facilitate long-range or 
short-range portable applications. Alternatively, or in combi 
nation, the charging system can utilize external power sources 
Such as DC power Supplied over a physical interface Such as 
a USB port or other suitable tethering technologies. 
The location receiver 316 can utilize location technology 

Such as a global positioning system (GPS) receiver capable of 
assisted GPS for identifying a location of the communication 
device 300 based on signals generated by a constellation of 
GPS satellites, which can be used for facilitating location 
services such as navigation. The motion sensor 318 can utilize 
motion sensing technology Such as an accelerometer, a gyro 
Scope, or other Suitable motion sensing technology to detect 
motion of the communication device 300 in three-dimen 
sional space. The orientation sensor 320 can utilize orienta 
tion sensing technology Such as a magnetometer to detect the 
orientation of the communication device 300 (north, south, 
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8 
west, and east, as well as combined orientations in degrees, 
minutes, or other Suitable orientation metrics). 
The communication device 300 can use the transceiver 302 

to also determine a proximity to a cellular, WiFi, Bluetooth, or 
other wireless access points by sensing techniques such as 
utilizing a received signal strength indicator (RSSI) and/or 
signal time of arrival (TOA) or time of flight (TOF) measure 
ments. The controller 306 can utilize computing technologies 
Such as a microprocessor, a digital signal processor (DSP), 
programmable gate arrays, application specific integrated cir 
cuits, and/or a video processor with associated Storage 
memory such as Flash, ROM, RAM, SRAM, DRAMorother 
storage technologies for executing computer instructions, 
controlling, and processing data Supplied by the aforemen 
tioned components of the communication device 300. 

Other components not shown in FIG. 3 can be used in one 
or more embodiments of the subject disclosure. For instance, 
the communication device 300 can include a reset button (not 
shown). The reset button can be used to reset the controller 
306 of the communication device 300. In yet another embodi 
ment, the communication device 300 can also include a fac 
tory default setting button positioned, for example, below a 
Small hole in a housing assembly of the communication 
device 300 to force the communication device 300 to re 
establish factory settings. In this embodiment, a user can use 
a protruding object such as a pen or paper clip tip to reach into 
the hole and depress the default setting button. The commu 
nication device 300 can also include a slot for adding or 
removing an identity module such as a Subscriber Identity 
Module (SIM) card. SIM cards can be used for identifying 
subscriber services, executing programs, storing subscriber 
data, and so forth. 
The communication device 300 as described herein can 

operate with more or less of the circuit components shown in 
FIG. 3. These variant embodiments can be used in one or 
more embodiments of the subject disclosure. 
The communication device 300 can be adapted to perform 

the functions of the communication devices of FIG.1. It will 
be appreciated that the communication device 300 can also 
represent other devices that can operate in communication 
system 100 of FIG. 1 such as a wireless gaming console or a 
wireless media player. 
The communication device 300 (such as via baseband con 

troller 303 and/or applications controller 306) can be adapted 
in various embodiments to perform the functions 315, includ 
ingestimating channel gain and selectively performing one or 
both of digital and analog cancellation. 

In one or more embodiments, management functions 315 
(e.g., determining the application of analog and/or digital 
cancellation) can be performed by the baseband controller 
303 and/or the applications controller 306 of device 300. In 
one embodiment, the baseband controller 303 can manage all 
of the long-distance radio functions, which may not include 
WiFi and/or Bluetooth communications. For example, the 
baseband processor 303 can utilize its own RAM and/or 
firmware. The baseband processor 303 due to the radio con 
trol functions (signal modulation, encoding, radio frequency 
shifting, etc.) can be highly timing dependent, and can utilize 
a real time operating system. In one embodiment, the base 
band processor 303 can operate using an operating system 
that is distinct from an operating system of the applications 
processor 306. Device 300 can include various other compo 
nents that may or may not be illustrated in FIG. 3, including 
power amplifiers, antennas, memory, user interfaces, SIM 
card, clock oscillator, battery and so forth. The components of 
device 300 can be arranged in various configurations, includ 
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ing positioning the baseband processor 303 between the 
applications processor 306 and the transceiver 302. 
Upon reviewing the aforementioned embodiments, it 

would be evident to an artisan with ordinary skill in the art that 
said embodiments can be modified, reduced, or enhanced 
without departing from the scope of the claims described 
below. For example, other factors can be reviewed to deter 
mine whether to apply analog cancellation in addition to or in 
place of the digital cancellation, Such as measured operating 
parameters of the receiving node 110, type of communica 
tion, and so forth. 

In one or more embodiments, the cancellation technique 
can include forming an estimate of the channel gain from each 
interferer to the receiver in the time-domain, and convolving 
with the transmitted data in time domain to form an estimate 
of the interference signal. This estimated interference signal 
can be subtracted from the incoming signal at the receiver. 
This subtraction can be done either before or after the ADC, 
or in other words, in analog or in digital domain. In addition, 
the cancellation can be a mixture of digital and analog can 
cellation. 

It should be understood that devices described in the exem 
plary embodiments can be in communication with each other 
via various wireless and/or wired methodologies. The meth 
odologies can be links that are described as coupled, con 
nected and so forth, which can include unidirectional and/or 
bidirectional communication over wireless paths and/or 
wired paths that utilize one or more of various protocols or 
methodologies, where the coupling and/or connection can be 
direct (e.g., no intervening processing device) and/or indirect 
(e.g., an intermediary processing device Such as a router). 

FIG. 4 depicts an exemplary diagrammatic representation 
of a machine in the form of a computer system 400 within 
which a set of instructions, when executed, may cause the 
machine to performany one or more of the methods described 
above. For example, system 400 can enable end user devices 
to selectively perform analog and/or digital cancellation, Such 
as in the time domain. One or more instances of the machine 
can operate, for example, as the nodes 110 and/or 160. In 
Some embodiments, the machine may be connected (e.g., 
using a network 426) to other machines. In a networked 
deployment, the machine may operate in the capacity of a 
server or a client user machine in server-client user network 
environment, or as a peer machine in a peer-to-peer (or dis 
tributed) network environment. 

The machine may comprise a server computer, a client user 
computer, a personal computer (PC), a tablet PC, a smart 
phone, a laptop computer, a desktop computer, a control 
system, a network router, Switch or bridge, or any machine 
capable of executing a set of instructions (sequential or oth 
erwise) that specify actions to be taken by that machine. It will 
be understood that a communication device of the subject 
disclosure includes broadly any electronic device that pro 
vides voice, video or data communication. Further, while a 
single machine is illustrated, the term “machine' shall also be 
taken to include any collection of machines that individually 
or jointly execute a set (or multiple sets) of instructions to 
perform any one or more of the methods discussed herein. 
The computer system 400 may include a processor (or 

controller) 402 (e.g., a central processing unit (CPU), a 
graphics processing unit (GPU, or both), a main memory 404 
and a static memory 406, which communicate with each other 
via a bus 408. The computer system 400 may further include 
a display unit 410 (e.g., a liquid crystal display (LCD), a flat 
panel, or a solid state display. The computer system 400 may 
include an input device 412 (e.g., a keyboard), a cursor con 
trol device 414 (e.g., a mouse), a disk drive unit 416, a signal 
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10 
generation device 418 (e.g., a speaker or remote control) and 
a network interface device 420. In distributed environments, 
the embodiments described in the subject disclosure can be 
adapted to utilize multiple display units 410 controlled by two 
or more computer systems 400. In this configuration, presen 
tations described by the subject disclosure may in part be 
shown in a first of the display units 410, while the remaining 
portion is presented in a second of the display units 410. 
The disk drive unit 416 may include a tangible computer 

readable storage medium 422 on which is stored one or more 
sets of instructions (e.g., Software 424) embodying any one or 
more of the methods or functions described herein, including 
those methods illustrated above. The instructions 424 may 
also reside, completely or at least partially, within the main 
memory 404, the static memory 406, and/or within the pro 
cessor 402 during execution thereof by the computer system 
400. The main memory 404 and the processor 402 also may 
constitute tangible computer-readable storage media. 

Dedicated hardware implementations including, but not 
limited to, application specific integrated circuits, program 
mable logic arrays and other hardware devices that can like 
wise be constructed to implement the methods described 
herein. Application specific integrated circuits and program 
mable logic array can use downloadable instructions for 
executing state machines and/or circuit configurations to 
implement embodiments of the Subject disclosure. Applica 
tions that may include the apparatus and systems of various 
embodiments broadly include a variety of electronic and 
computer systems. Some embodiments implement functions 
in two or more specific interconnected hardware modules or 
devices with related control and data signals communicated 
between and through the modules, or as portions of an appli 
cation-specific integrated circuit. Thus, the example system is 
applicable to Software, firmware, and hardware implementa 
tions. 

In accordance with various embodiments of the subject 
disclosure, the operations or methods described herein are 
intended for operation as Software programs or instructions 
running on or executed by a computer processor or other 
computing device, and which may include other forms of 
instructions manifested as a state machine implemented with 
logic components in an application specific integrated circuit 
or field programmable array. Furthermore, software imple 
mentations (e.g., Software programs, instructions, etc.) can 
include, but not limited to, distributed processing or compo 
nent/object distributed processing, parallel processing, or Vir 
tual machine processing can also be constructed to implement 
the methods described herein. It is further noted that a com 
puting device Such as a processor, a controller, a state machine 
or other suitable device for executing instructions to perform 
operations or methods may perform Such operations directly 
or indirectly by way of one or more intermediate devices 
directed by the computing device. 

While the tangible computer-readable storage medium 422 
is shown in an example embodiment to be a single medium, 
the term "tangible computer-readable storage medium’ 
should be taken to include a single medium or multiple media 
(e.g., a centralized or distributed database, and/or associated 
caches and servers) that store the one or more sets of instruc 
tions. The term "tangible computer-readable storage 
medium’ shall also be taken to include any non-transitory 
medium that is capable of storing or encoding a set of instruc 
tions for execution by the machine and that cause the machine 
to perform any one or more of the methods of the subject 
disclosure. 
The term "tangible computer-readable storage medium’ 

shall accordingly be taken to include, but not be limited to: 
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Solid-state memories such as a memory card or other package 
that houses one or more read-only (non-volatile) memories, 
random access memories, or other re-writable (volatile) 
memories, a magneto-optical or optical medium Such as a 
disk or tape, or other tangible media which can be used to 
store information. Accordingly, the disclosure is considered 
to include any one or more of a tangible computer-readable 
storage medium, as listed herein and including art-recognized 
equivalents and Successor media, in which the Software 
implementations herein are stored. 

Although the present specification describes components 
and functions implemented in the embodiments with refer 
ence to particular standards and protocols, the disclosure is 
not limited to such standards and protocols. Each of the 
standards for Internet and other packet switched network 
transmission (e.g., TCP/IP, UDP/IP, HTML, HTTP) represent 
examples of the state of the art. Such standards are from 
time-to-time Superseded by faster or more efficient equiva 
lents having essentially the same functions. Wireless stan 
dards for device detection (e.g., RFID), short-range commu 
nications (e.g., Bluetooth, WiFi, Zigbee), and long-range 
communications (e.g., WiMAX, GSM, CDMA, LTE) can be 
used by computer system 400. 

The illustrations of embodiments described herein are 
intended to provide a general understanding of the structure 
of various embodiments, and they are not intended to serve as 
a complete description of all the elements and features of 
apparatus and systems that might make use of the structures 
described herein. Many other embodiments will be apparent 
to those of skill in the art upon reviewing the above descrip 
tion. Other embodiments may be utilized and derived there 
from, such that structural and logical substitutions and 
changes may be made without departing from the scope of 
this disclosure. Figures are also merely representational and 
may not be drawn to scale. Certain proportions thereof may 
be exaggerated, while others may be minimized. Accord 
ingly, the specification and drawings are to be regarded in an 
illustrative rather than a restrictive sense. 

Although specific embodiments have been illustrated and 
described herein, it should be appreciated that any arrange 
ment calculated to achieve the same purpose may be substi 
tuted for the specific embodiments shown. This disclosure is 
intended to cover any and all adaptations or variations of 
various embodiments. Combinations of the above embodi 
ments, and other embodiments not specifically described 
herein, can be used in the Subject disclosure. 

The Abstract of the Disclosure is provided with the under 
standing that it will not be used to interpret or limit the scope 
or meaning of the claims. In addition, in the foregoing 
Detailed Description, it can be seen that various features are 
grouped together in a single embodiment for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as reflecting an intention that the claimed 
embodiments require more features than are expressly recited 
in each claim. Rather, as the following claims reflect, inven 
tive Subject matter lies in less than all features of a single 
disclosed embodiment. Thus the following claims are hereby 
incorporated into the Detailed Description, with each claim 
standing on its own as a separately claimed Subject matter. 
What is claimed is: 
1. A method, comprising: 
receiving, by a system including a processor, a signal from 

each of a group of transmitters, wherein each signal 
includes training symbols; 

estimating, by the system, a channel gain for each of the 
group of transmitters based on the signal from each of 
the group of transmitters; 
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12 
estimating, by the system, an interference for each of the 

group of transmitters based on the channel gain; 
determining, by the system, whether the interference sat 

isfies a threshold range of an analog-to-digital converter 
of the system for each of the group of transmitters; and 

performing, by the system, analog time domain cancella 
tion responsive to a determination that the interference 
does not satisfy the threshold range, 

wherein the analog time domain cancellation is not per 
formed responsive to a determination that the interfer 
ence satisfies the threshold range. 

2. The method of claim 1, performing, by the system, 
digital time domain cancellation. 

3. The method of claim 1, wherein the analog time domain 
cancellation is performed on target interference of the inter 
ference that is associated with a Subset of the group of trans 
mitters, and further comprising determining, by the system, 
the subset of the group of transmitters based on a detection of 
whether a transmitter of the group of transmitters is a remote 
node, wherein the training symbols are according to an 
orthogonal frequency-division multiplexing protocol. 

4. The method of claim 1, wherein the analog time domain 
cancellation is performed on target interference associated 
with a subset of the group of transmitters and further com 
prising determining, by the system, the Subset of the group of 
transmitters based on a detection of whether a receive power 
level associated with each transmitter of the group of trans 
mitters is below a receive power threshold. 

5. The method of claim 4, wherein the receive power 
threshold corresponds to the threshold range of the analog 
to-digital converter of the system. 

6. The method of claim 1, wherein the estimating the inter 
ference comprises convolving transmitted data in a time 
domain. 

7. The method of claim 1, wherein the signal from each of 
a group of transmitters includes a first set of training symbols 
for digital time domain cancellation and a second set of train 
ing symbols for the analog time domain cancellation. 

8. The method of claim 7, wherein a frequency of the 
system receiving the second set of training symbols for the 
analog time domain cancellation is greater than a frequency 
of the system receiving the first set of training symbols for the 
digital time domain cancellation. 

9. The method of claim 1, wherein the receiving of the 
signal from each of a group of transmitters is responsive to a 
request for training symbols associated with a fault detection 
in a network over which the group of transmitters operate. 

10. The method of claim 1, wherein the receiving of the 
signal from each of a group of transmitters by the system is 
according to a periodic broadcast. 

11. The method of claim 1, wherein a portion of the inter 
ference is self-interference generated from transmitting and 
receiving at a same time in a same frequency. 

12. The method of claim 1, wherein a portion of the inter 
ference is self-interference generated by a plurality of trans 
mit antennas of the system. 

13. The method of claim 1, wherein the analog time domain 
cancellation utilizes balun cancellation. 

14. A device, comprising: 
a non-transitory memory that stores instructions; 
an analog-to-digital converter, and 
a processor coupled with the memory and the analog-to 

digital converter, wherein responsive to executing the 
instructions, the processor performs operations com 
prising: 
determining total interference of a transmitter of a group 

of transmitters based on channel gains that are esti 
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mated for each transmitter of the group of transmitters 
according to training symbols associated with each 
transmitter of the group of transmitters; and 

Selectively performing analog time domain cancellation 
and digital time domain cancellation responsive to a 
determination that a total interference of a transmitter 
of the group of transmitters does not satisfy a thresh 
old range of the analog-to-digital converter, wherein 
the total interference is determined based on the chan 
nel gains. 

15. The device of claim 14, wherein the operations further 
comprise: 

receiving the training symbols via wireless signals from 
each transmitter of the group of transmitters; and 

performing the digital time domain cancellation without 
performing the analog time domain cancellation respon 
sive to a determination that the total interference of a 
transmitter of the group of transmitters satisfies the 
threshold range of the analog-to-digital converter. 

16. The device of claim 14, wherein the analog time 
domain cancellation is performed on target interference of the 
total interference that is associated with a Subset of the group 
of transmitters, and wherein the operations further comprise 
determining the Subset of the group of transmitters based on 
a detection of whether a receive power level associated with 
each transmitter of the group of transmitters is below a receive 
power threshold. 

17. The device of claim 16, wherein the receive power 
threshold corresponds to the threshold range of the analog 
to-digital converter. 

18. The device of claim 14, wherein the analog time 
domain cancellation is performed on target interference asso 

14 
ciated with a Subset of the group of transmitters, and wherein 
the operations further comprise determining the subset of the 
group of transmitters based on a detection of whether a trans 
mitter of the group of transmitters is a remote node, wherein 

5 the detection of whether the transmitter is the remote node is 
based on provisioning information that is accessible to the 
processor and that identifies the group of transmitters. 

19. A non-transitory, machine-readable storage medium, 
comprising instructions, wherein responsive to executing the 

10 instructions, a processor performs operations comprising: 
estimating channel gains for each transmitter of a group of 

transmitters based on transmitted training symbols by 
each transmitter; and 

performing analog time domain cancellation and digital 
time domain cancellation responsive to a determination 
that a total interference of a transmitter of the group of 
transmitters does not satisfy a threshold range of an 
analog-to-digital converter, 

15 

wherein the total interference is determined based on the 
channel gains. 

20. The non-transitory, machine-readable storage medium 
of claim 19, wherein the analog time domain cancellation is 
performed on target interference of the total interference that 

° is associated with a subset of the group of transmitters, and 
wherein the operations further comprise determining the 

Subset of the group of transmitters based on a detection 
of whether a receive power level associated with each 
transmitter of the group of transmitters is below a receive 

30 power threshold. 
: : : : : 


